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a8 On the DOCTRINE 



No. IV. 

Mifcellaneous Experiments relating to the Dofirine of 
Phlogijlon. By Dr. Joseph Priestley. 

i. TT has been faid that the fixed air which I get 
A. by heating iron in dephlogifticated air, comes 
from the plumbago contained in the iron, and that when 
it is found after the union of inflammable and dephlogifti- 
cated air, it was from plumbago diflblved in the inflam- 
mable air. But befides that there is no evidence of inflam- 
mable air containing any plumbago (fince when iron is 
diflblved in any acid the plumbago is left behind) the fix- 
ed air contained in this fubftance is very inconfiderable, 
the bulk of the air into which it may be refolved being 
inflammable. 

From 6 dwts. of the fineft plumbago from an iron 
furnace, in the form of a light powder, I got in a glazed 
earthen tube 40 ounce meafures of air, one-twelfth part 
only of which was fixed air, and the reft inflammable, 
burning with a blue flame. Then fending fteam through 
it, I got 240 ounce meafures more, the whole of which 
was inflammable, of the pureft kind, exactly refembling 
that from iron by the acid of vitriol. The plumbago 
was concreted into one mafs, refembling a hard cinder, 
and weighed %\ dwts. 

Another experiment on plumbago I fhall mention in 
this place. Melting one dwt. of it with a burning lens, it 
threw out fparks, like caft iron treated in the fame man- 
ner, but not quite fo much ; after which it was reduced 
to a flag, like finery cinder, weighing 4 grains lefs than 
it had done. I repeated the experiment with the fame 
remit. 

2. The 
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2. The experiments on the revival of precipitate per 
fe in inflammable air being differently reported by dif- 
ferent experimenters, and being fometimes attended with 
hazard, 1 fhall add the following, which were made 
feveral years ago, to thofe which I have made and re- 
peated fince. 

In 9 ounce meafures of inflammable air from mallea- 
ble iron and water I revived part of the precipitate fent 
me by Mr. Berthollet, which 1 had found to contain no 
fixed air, till not more than one-fourth of the air re- 
mained unabforbed ; on examination, I found about one- 
twentieth part of it fixed air ; but mixing nitrous air 
with it, it appeared that the air diflodged from the pre- 
cipitate had not united with the inflammable air; for the 
ftandard of equal meafures of them was 1.7 1. After 
the procefs I miffed 1 8 grains of the precipitate. But 
there are feveral caufes of lofs in this cafe, befides the 
quantity of air expelled from the fubftance. 

In $.$ ounce meafures of the fame inflammable air I 
revived fome of the fame precipitate till it was reduced 
to 0.77 ounce meafures. Of this one-fixth part was fix- 
ed air, and the rcfiduum of the ftandard of 1.6. It ex- 
ploded at once when the flame of a candle was prefented 
to it. 

3. As pyrophorus imbibes pure air when it is expofed 
to atmofpherical air, leaving nothing but phlogifticated 
air, (in which it refembles a mixture of iron filings and 
fulphur, which alfo makes a pyrophorus,) the fixed air 
expelled from it afterwards mufl have been formed by 
the union of the pure air imbibed by it and the phlogil- 
ton contained in itfelf. 

From a quantity of old and fpoilcd pyrophorus I got 
1 80 ounce meafures of air, of the lull part of which 
one half was fixed air, and the reft phlogifticatcd. At 
the laft, the one half was fixed air, and the reft was 

in 11 am- 
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inflammable. In another experiment of this kind I 
found feven-tenths of the air fixed, and the reft inflam- 
mable. 

The fixed air that is expelled from lime which has 
been long expofed to the atmofphere cannot have any 
other origin than the pure air that it has imbibed and 
fome phlogifton which it derived from the fire ; for the 
air to which it is expofed is always fomething lefs pure 
than it was before. 

From 1 5 dwts. of fallen lime I got 45 ounce meafures 
of fixed air, and 35 inflammable from the gun barrel in 
which the experiment was made. Whether quicklime 
has been expofed to the atmofphere, fo as to become 
what is called fallen litne, or has been faturated with wa- 
ter, they come in time to be of the fame weight, and to 
have the fame properties ; the former continually gaining 
weight, and the latter lofing it. 

From 15 dwts. of lime faturated with water, and then 
expofed to the atmofphere, I got 55 ounce meafures of 
fixed air. 

4. If any metal be calcined in common air over lime 
water, a very thick fcum will be formed on its fur- 
face, and much of the air will be imbibed by the calx 
that is formed. I have recited the refult of this proceis 
with feveral of the metals, and I fhall now obferve that 
I had the fame refult with platina, filver, and gold. In 
the experiment with platina 33 ounce meafures of air 
were reduced to 26-£, of the ftandard of 1.75. 

5. That phlogifticated air is fometimes formed by the 
union of dephlogifticated air and phlogifton is as clearly 
proved by experiment as that fixed air is formed from 
the fame elements. One proof of this is that common 
air can never be diminifhed fo much by the pureft de- 
phlogifticated air as it may be by nitrous air, the refidu- 
um in both the cafes being alike phlogifticated air. I 

could 
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could not by any mixture of dephlogifticated and inflam- 
mable air, fired by an electric fpark, reduce it to lefs than 
a. 5 ; whereas by nitrous air the fame dephlogifticated 
air was diminiftied to 0.04 ; fo that there muft have been 
a production of phlogifticated air when the inflammable 
air was ufed. 

If after any diminutions of common air by phlogiftic 
procefles more phlogifticated air is found in fome of them 
than there is in others, the additional quantity muft have 
been formed in the procefs j and that there is a great va- 
riety in thefe refults I have obferved before. 

Heating fine needles in common air over mercury till, 
after its greateft diminution, it was increafed to its origi- 
nal bulk, 1 found that it had nothing fenfibly inflamma- 
ble in it, but was wholly phlogifticated ; whereas the ad- 
dition of one-fourth of inflammable air to three-fourths 
of phlogifticated air was eafily diftinguifhable by the 
flame of a candle. Fixed air will be produced in this 
procefs if it be made over lime water, but not with cer- 
tainty in any other circumftances. 

When fubftances that diminifh air, and leave it phlo- 
gifticated, emit inflammable air before and after the pro- 
cefs, it is reafonable to conclude that they did the fame 
during the procefs; and fince nothing inflammable is 
found in the air after it, that it united with the pure part 
of the air to which it was expofed, and by that union 
formed part of the phlogifticated air ; fo that lefs of this 
kind of air exifted in the atmofphere than has generally 
been fuppofed. This I have obferved to be the cafe with 
a mixture of iron filings and fulphur. It was the fame 
with iron that had been partially diflblved in vitriolic 
acid. After diminiftiing a quantity of air I immerfed it 
in mercury, and it gave out a fmall quantity of inflam- 
mable air. 

I have 
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I have recited one cafe of phlogifticated air being 
formed by expofing rufted iron to inflammable air, which 
muft have been formed by the oxygen in the ruft and 
the phlogifton in the air. There is, however, much 
uncertainty in this remit, depending on circumftances 
which I have not been able to afcertain. But one clear 
cafe of the kind is fufficient proof of the hypothefis, 
and I have met with feveral. 

On the 15th of Auguft 1799 I examined a quantity 
of inflammable air which had been confined by mercury 
with dry iron rufted in nitrous acid from the 18th of 
March 1798, and found nothing inflammable in it, 
though there was no apparent change in the colour of 
the iron. This was alfo the cafe of another quantity of 
the fame kind of air which had been confined in the fame 
manner from the 14th of July. At the fame time, how- 
ever, another quantity of inflammable air that had been 
confined the fame time, and in the fame manner, with 
iron rufted in vitriolic acid was not much changed, 
though the iron was become black. 

Since pure nitrous air wholly vanifhes when it unites 
with pure dephlogifticated air, the phlogifticated air that 
is found after heating iron in it muft have been formed 
from fome oxygen contained in the nitrous air and phlo- 
gifton from the iron. After heating turnings of caft iron 
in 5-§- ounce meafures of nitrous air from mercury it was 
reduced to 3^- ounce meafures, and by warning in water 
to 2-§-, one ounce meafure having been fixed air. But 
when I heated malleable iron in 60 ounce meafures of 
the fame nitrous air it was reduced to 24 ounce meafures, 
all phlogifticated. When I continued this procefs beyond 
the point of greateft diminution, the air produced was 
inflammable. 

Since water contains but a fmall quantity of air in pro- 
portion to its bulk, and generally confiderably purer than 

that 
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that of the atmofphere, the phlogifticated air that is 
found by heating fteam in a copper veflel mull have been 
formed from phlogifton in the copper, and the pure part 
of the air contained in the water ; and whenever I have 
heated water in this manner and have kept it a confider- 
able time in the form of fteam, I have found a quantity 
of air completely phlogifticated, and the longer I kept 
it in this ftate the more of this air I found. 

I have obferved that when metals are calcined in com- 
mon air over water, the air is always diminifhed, and if 
it be done over lime water, fixed air is produced. If the 
calcination be continued after the greateft diminution of 
the air, it will be increafed by an addition of inflamma- 
ble air. If this inflammable air came from the decom- 
pofition of the water, the water over which the procefs 
was made would either be acid, or contain pure air, but 
this is never the cafe. This water is both free from all 
acidity, and gives out air lefs pure than that of the at- 
mofphere. Alfo the air confined in the fame phial with 
it is lefs pure than that of the atmofphere. If the oxy- 
gen of the water entered into the calx that is formed, 
hydrogen, or inflammable air, ought, according to the 
new theory, to be formed, which it is not. 

Alfo air from water in which mercury has been agitat- 
ed is confiderably worfe than common air. A candle 
went out in it. Had the black powder which is formed 
in this procefs been owing to the decompofition of the 
water, fince this powder is mercury fuper-phlogifticatal, 
the remaining water would have been in a ftate of oxy- 
genation ; and therefore the air expofed to it would have 
been purer than that of the atmofphere. 

It is faid that metals become calces by imbibing oxy- 
gen ; but no oxygen has yet been difcovcrcd in finery cin- 
der, and very little, if any, in flowers of zinc. If minium 
or red precipitate, be diflblved in marine acid, none of the 

Vol. V. E dcphlo- 
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dephlogifticated air which thefe fubftances contain is then 
extricated ; but if the folutions be evaporated, and the dry 
refiduum be heated by a burning lens, the pure air is 
evolved. For the common air in which they are heated 
receives an addition of pure air. But the reverfe is the 
cafe when the folutions of finery cinder or flowers of 
Zinc are treated in the fame manner. 

I heated a folution of the pureft flowers of zinc in 
marine acid in common air, and obferved that it emitted 
a denfe white vapour for about an hour after, it was eva- 
porated to dryneis. The air was but little diminiflied, 
but worfe than common air, in the proportion of 1.45 
to 1.35. 

I have obferved that common air which has been ex- 
pofed to hot charcoal is both diminifhed and phlogifti- 
cated, but that the air which by immerfion in water 
comes out of this charcoal is likewife phlogifticated. 
This proves the generation of phlogifticated air in the 
procefs. The water over which this procefs is made alfo 
gives out air lefs pure than that of the atmofphere. 

Charcoal that had been expofed in common air under 
a receiver fome days, did not, when immcrfed in water, 
give out more than half as much air as charcoal heated 
and put into water immediately after it was cold. Both 
being placed near the fire, ftill immerfed in water, gave 
out more air, but in the fame proportion. Alfo, {land- 
ing in this fituation a long time made no difference in 
this cafe. 

6. That finery cinder contains nothing but water and 
calx of iron, I think I have fufficiently proved by feveral 
obfervations, efpecially by its enabling hot charcoal to 
give out the fame kind of air that water will do. I had 
a fimilar refult with terra ponderofa aerata, which gives 
no fixed air with mere heat, but does it when red hot by 
means of water. 

I mixed 
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I mixed a quantity of this fubftance pounded with 
pounded finery cinder ; and putting it into a gun barrel, 
got from it fixed air as copioufly as if a ftream of water 
had pafled over it. There was a confiderable refiduum, 
which was inflammable air from the iron. 

7. Dr. Woodhoufe obferves that if the manganeze be 
heated in inflammable air, and much of the air difap- 
pear, the metal is not revived. But not only may the 
calces of metals imbibe much phlogifton before their 
complete revival in a metallic form, but other fubftances 
alfo appear to do the fame. After heating calcined alum 
in inflammable air, it became black, and the air was di- 
minimed one-fifth. The infide of the veflel in which 
the procefs was made had alfo a black coating. And 
brick, which contains iron ore, becomes black in the 
fame circumftances ; but it is not even attracted by a 
magnet afterwards. Pounded flint glafs becomes black, 
and abforbs inflammable air, when it is melted in it with 
a burning lens ; but no lead is formed. 

8. I have obferved that when a mixture of dephlogif- 
ticated and inflammable air is exploded, acid is produced 
if there be any excefs of the dephlogifticated air, but only 
•water with phlogijlicated air if there be any excefs of the 
inflammable air. Thefe proportions I endeavoured to 
afcertain, and I found that acid is formed when 100 
meafures of inflammable air are united to 5 1 meafures of 
dephlogifticated air ; but that only water was produced 
when 100 meafures of inflammable air were united to 
47 meafures of dephlogifticated air. 



£ 2 No. 



